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The leptonic branching fractions of the tau lepton are sen- 
sitive to anomalous charged current interactions. We use 
recent experimental measurements to determine the weak 
charged current magnetic and electric dipole moments and 
the Michel parameter rj with unprecedented precision. These 
results are then used to constrain the tau compositeness scale 
and the allowed parameter space for Higgs doublet models. 
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I. INTRODUCTION 

The tau lepton in the Standard Model is an exact du- 
plicate of the electron and muon, apart from its greater 
mass and separately conserved quantum number. Its 
charged current interactions are expected to be medi- 
ated by the W boson with pure V — A coupling. In this 
paper we present constraints on anomalous charged cur- 
rent couplings of the r derived from an analysis of the 
branching fractions for t~ e~VcVT and ^^Vf^Vr, 
where charge-conjugate decays are implied. 

In particular, we consider derivative terms in the 
Hamiltonian which describe anomalous weak charged 
current magnetic and electric dipole couplings and 
deviations from the V — A structure of the charged cur- 
rent, to which the Michel parameter 77 is sensitive 
The results for the 77 parameter are used to constrain ex- 
tensions of the Standard Model which contain more than 
one Higgs doublet and hence charged Higgs bosons. 



II. EFFECTS OF ANOMALOUS COUPLINGS 

The theoretical predictions for the branching fractions 
Bi for the decay t^viVr{X-Eu), with = e~,/i^ 

and Xem = 7^ 11, e+e", . . ., are given by: 
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where Gp = (1.16639 ± 0.00002) x IQ-^GeV-^ is the 
Fermi constant g; = (290.55 ± 1.06)fs is the tau 
lifetime g; = (1776.96+°:^^i°;?^)MeV § is the tau 
mass; and x — mj/rn^. The first term in brackets allows 
for radiative corrections [^-[lot], where a{mr) — 1/133.3 
is the QED coupling constant jl^ and mw — 80.400 ± 
0.075 GeV is the W mass [0. The second term in brack- 
ets describes the effects of new physics where the various 
we consider are defined below. The sensitivity of these 
branching ratios to a non-zero neutrino mass and mixing 
with a heavy fourth generation neutrino has been con- 
sidered elsewhere p^ , |l3| . 

The effects of anomalous weak charged current dipole 
moment couplings at the tv^-W vertex are described by 
the effective Lagrangian 
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(Hermitian conjugate). 
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where Pl is the left-handed projection operator and the 
parameters k and k are the (CP-conserving) magnetic 
and (CP-violating) electric dipole form factors respec- 
tively ||l| . They are the charged current analogues of the 
weak neutral current dipole moments, measured using 
Z T'^T~ events |l^], and the electromagnetic dipole 
moments, measured using Z t^t^^ events [p^[-p7[. 
In conjunction with Eq. |l], the effects of non-zero values 
of K and k on the tau leptonic branching fractions may 
be described by ^ 



= k/2 + kV10; 
Af ^ kViO. 
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The dependence of the tau leptonic branching ratios on 
77 is given, in conjunction with Eq. |l|, by |18 
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where the subscripts on 77 denote the initial and final 
state charged leptons. Both leptonic tau decay modes 
probe the charged current couplings of the transverse 
W , and are sensitive to k and k. In contrast, only the 



/Li v^v^ 



channel is sensitive to 77 due to a rela- 



tive suppression factor of 'nif./m^ for the — > e'DcVr 
channel. Semi-leptonic tau branching fractions are not 
considered here since they are insensitive to k, k, and rj. 
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III. RESULTS 

We use the recently updated world average values for 
the measured tau branching fractions = (17.786± 

0.072)% and = (17.356 ± 0.064)%. Substituting in 
Eq. |l| for these and the other measured quantities we ob- 
tain Ae = -0.0008 ±0.0055 and = -)-0.0026± 0.0053 
where the errors include the effects of the uncertainties on 
all the measured quantities appearing in Eq. |l|. These re- 
sults are consistent with zero which, assuming that there 
are no fortuitous cancellations, indicates the absence of 
anomalous effects within the experimental precision. 

We therefore proceed to derive constraints on k, k, 
and r]r^ from a combined likelihood fit to both tau decay 
channels. The likelihood is constructed numerically fol- 
lowing the procedure of Ref. by randomly sampling 
all the quantities used according to their errors, conser- 
vatively assuming for each parameter that the other two 
parameters are zero. 

We determine k = 0.001 ± 0.008, where the errors cor- 
respond to one standard deviation, and constrain it to 
the range —0.014 < k < 0.016 at the 95% confidence level 
(C.L.). This result improves on the 95% C.L. constraint 
of |k| < 0.0283 determined by Rizzo |§. 

We determine k = 0.00 ± 0.16 and constrain it to the 
range |k| < 0.26 at the 95% C.L. Our constraint, which 
is the first on this quantity, is considerably less stringent 
than that on k due to the lack of linear terms. This 
also means that the results for k are symmetric by con- 
struction. Were k to differ significantly from zero, then 
the likelihood distribution would have two distinct peaks 
either side of zero. Such structure was not, however, ob- 
served. The decay W ^ tv is also sensitive to charged 
current dipole terms but, given that the energy scale is 
mw, the interpretation in terms of the static properties 
K and k is less clear. 

We determine ryr^ = 0.009 ± 0.022 and constrain it 
to the range -0.034 < 77^^ < 0.053 at the 95% C.L. The 
uncertainty on our measurement of r]r^ is significantly 
smaller than that obtained by Stahl using the same tech- 
nique {r]rfj, = 0.01 ± 0.05) Q and more recent determi- 
nations using the shape of momentum spectra of muons 
from T decays (r;^^ = -0.04 ± 0.20) |l|]. 



IV. DISCUSSION 

Derivative couplings necessarily involve the introduc- 
tion of a length or mass scale. Anomalous magnetic mo- 
ments due to compositeness are expected to be of order 
rrix/A where A is the compositeness scale [|o|. We can 
then interpret the 95% confidence level on k, the quantity 
for which we have a more stringent bound, as a statement 
that the r appears to be a point-like Dirac particle up 
to an energy scale of A w TOt-/0.016 = 110 GeV. These 



results are comparable to those obtained from anomalous 
weak neutral current couplings [ p^ and more stringent 
than those obtained for anomalous electromagnetic cou- 
plings [||. 

Many extensions of the Standard Model, such as Su- 
persymmetry (SUSY), involve an extended Higgs sec- 
tor with more than one Higgs doublet. Such models 
contain charged Higgs bosons which contribute to the 
weak charged current with couplings which depend on 
the fermion masses. Of all the Michel parameters, 77^.^ is 
especially sensitive to the exchange of a charged Higgs. 



Following Stahl |18|, rjr^ can be written as 
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where tan (3 is the ratio of vacuum expectation values 
of the two Higgs fields, and mn is the mass of the 
charged Higgs. This expression applies to type II ex- 
tended Higgs sector models in which the up-type quarks 
get their masses from one doublet and the down-type 
quarks get their masses from the other. 

We determine the one-sided constraint rjrfi > —0.0186 
at the 95% C.L. which rules out the region niH < 
(1.86 tan^) GeV at the 95% C.L. as shown in Fig. 0. 
An almost identical constraint on the high tan /3 region 
of type II models may be obtained from the process 
B ^ TV l^lj]. The most stringent constraint, from the L3 
experiment, rules out the region niH < (2.09 tan /3) GeV 
at the 95% C.L. |2^. Within the specific framework of 
the minimal supersymmetric standard model, the process 
B — > TvX rules out the region mn < (2.33 tan /3) GeV 
at the 95% C.L. j2^. This limit, however, depends on 
the value of the Higgsino mixing parameter fi and can 
be evaded completely for fj, > 0. The non-observation of 
proton decay also tends to rule out the large tan (3 region 
but these constraints are particularly model-dependent. 
The very low tan/3 region is ruled out by measurements 
of the partial width T{Z bb). For type II models the 
approximate region excluded is tan/3 < 0.7 at the 2.5(t 
C.L. for any value of Mh (24). Complementary bounds 
for the full tan /3 region are derived from the CLEO mea- 
surement of BR{b 57) = (2.32 ± 0.57 ± 0.35) x 10^^ 
which rules out, for type II models, the region Mh < 
244 -f 63/(tan/3)^-^ H. This constraint can, however, 
be circumvented in SUSY models where other particles 
in the loops can cancel out the effect of the charged 
Higgs. Direct searches at LEP II exclude the region 
TTiH < 54.5 GeV for all values of tan/3 (26). The CDF 
search for charged Higgs bosons in the process t — > bH~^ 
rules out the region of low mn and high tan (3 j2^] . 

The 95% C.L. constraints in the uih vs. tan/3 plane, 
from this and other analyses, are shown in Fig. ||. 
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FIG. 1. Constraints on mn as a function of tan/3 at the 
95% C.L., from this analysis of rjr^i and the other analyses 
described in the text. 



V. SUMMARY 

Prom an analysis of tau leptonic branching fractions 
we determine 



K = 0.001 ± 0.008; 
K = 0.00 ±0.16; 
r]ri^ = 0.009 ± 0.022. 
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Each of these resuhs is the most precise determination 
to date. The result for k indicates that the tau is point- 
like up to an energy scale of approximately 110 GeV. The 

result for rj-rfi constrains the charged Higgs of type II two- 
Higgs doublet models, such that the region 



ruH < (1.86 tan /3) GeV 
is excluded at the 95% C.L. 
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